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MYELOMENINGOCELE-PART I

Orthopedic Management
in Children

ELMER E. SPECHT, MD, San Francisco

IF AN INFANT with myelomeningocele survives, the
goals of orthopedic management are ( 1 ) a straight
spine and straight legs and feet, (2) mobile hips,
(3) a pull-to or swing-through gait and (4) maxi-
mum possible self-sufficiency, including whatever
can be accomplished by vocational training at an

appropriate age. Helping the patient to attain
these goals depends on informed evaluation of the
expected functional capacity in relation to a given
neurological deficit, and assessment of the likeli-
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hood of fixed deformities related to muscle im-
balance and positional contractures. Familiarity
with techniques for correction of deformities and
for habilitation, with specific reference to walking
-if that is a realistic goal-are also essential.
One of the most important responsibilities of

the orthopedic surgeon evaluating these children
is to determine the pattern of remaining neurologi-
cal function and the presence of functioning or

spastic muscle groups, as well as the status of their
antagonists, and to anticipate subsequent de-
formity (Table 1). It does not necessarily follow
from the fact that an infant has been born with
myelomeningocele that there will be handicapping
neurological impairment. In a study published in
1961, Doran and Guthkelchl reported 307 cases

followed for a minimal period of two and a half
years. They found that of 95 survivors after treat-
ment of myelomeningocele with and without hy-
drocephalus, 66 showed either no paralysis or no

more than minor weaknesses in the lower extremi-
ties, even though sphincter paralysis was fre-
quently present. Comparable findings were more

recently reported by Piggot,2 in whose series 32
of 108 babies with myelomeningocele (but with-
out spinal fluid leak and without hydrocephalus at
birth) showed no detectable muscle weakness at
birth.
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TABLE 1.-Correlation of Neurological Level, Remaining Muscular Function, and Deformity or Disability Most
Commonly Encountered in Myelomeningocele

Deformities and/or Disabilities of Spine and Legs Due to
Level Principal Motor Groups Re- Principal Motor Groups Muscle Strength Imbalance (Positional Deformities
Intact maining Functional in Legs Paralyzed or Weak in Legs May Be Superimposed)

T12 Spinal scoliosis or lordosis
None Complete lower-extremity Coxa valga, occasional hip subluxation

paralysis
Li-L2 Spinal scoliosis or lordosis

Hip flexors fair to good Hip extensors paralyzed Flexion-adduction contracture of hip, with sub-
Hip adductors poor to fair Hip abductors paralyzed luxation frequently, dislocation occasionally

Knee and foot flail
L3-L-4 Lumbar lordosis or scoliosis

Hip flexors normal Hip extensors paralyzed Flexion-adduction-external rotation contracture of
Hip adductors good to Hip abductors paralyzed hip early; hip dislocation at birth or early

normal
Quadriceps fair to good Knee flexors paralyzed Extension contracture of knee occasionally
Tibialis anterior trace to Triceps surae paralyzed Severe, progressive calcaneus of foot

fair Foot evertors paralyzed
Foot invertors paralyzed

Lordosis, scoliosis
Hip flexors and adductors Hip extensors trace to poor Flexion-adduction contracture of hip; coxa
normal valga, subluxation or dislocation common

Hip abductors poor to fair
Quadriceps normal Knee flexion-internal rotation contracture
Medial hamstrings fair to
good

Foot dorsiflexors and in- Triceps surae paralyzed Severe progressive calcaneovarus of foot
vertors normal Foot evertors fair

S,-S2 Lordosis, scoliosis
Hip nearly normal except Hip extensors fair to good Occasional subluxation of hip

extensors
Knee good except lateral Biceps femoris fair

hamstrings
Foot and ankle extrinsics Foot intrinsics paralyzed Planovalgus foot, claw toes

good to normal except Toe flexors fair
toe flexors

In the treatment of deformity due to myelome-
ningocele, it is vital to recognize that the deformity
caused by dynamic, occasionally spastic,3 muscle
imbalance differs from the relatively static situa-
tion one often encounters in deformities caused by
old poliomyelitis. Deformity may progress slowly
because a minimal imbalance of forces may be
acting over a prolonged period of time. The con-
cept of a child who is a growing paraplegic is use-
ful in understanding this tendency to slow progres-
sion of deformity. Serial evaluations throughout
childhood are essential.

Deformities of the Foot and Ankle
Orthopedic management of the foot (as well as

of the spine, hips and legs) in myelodysplasia must
always be directed toward the ultimate goals of the
educability and employability of the patient. A
mobile, plantigrade, balanced, shoeable foot is
essential, and one of the responsibilities of the
orthopedist, as elsewhere in the management of

this disorder, is to determine the level or pattern
of remaining neurological function and to predict
the type of deformity which this pattern can be
expected to produce. Thus, with a functional
fourth lumbar level, the tibialis anterior muscle
may be innervated, but its action may be unbal-
anced by functioning plantar flexors and evertors.
A varus force may be produced; but more im-
portant, a progressive and severe calcaneus de-
formity may develop, which can be minimized by
early transfer of the tibialis anterior tendon to the
heel. With a functional fifth lumbar level, a cal-
caneus deformity will almost certainly develop if
tendon transfer is not done by the time the patient
is one to two years old, and at present no satis-
factory means of managing a fully developed cal-
caneus deformity exists. At the first and second
sacral levels, ankle plantar flexors and foot ever-
tors will be functioning, so that clawing of the toes
and a planovalgus foot are more common deform-
ities. At the third sacral level, intrinsic muscular
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imbalance obtains and a cavus foot is most likely.
The equinus portion of the deformity that is com-
monly present is a positional rather than a dy-
namic problem and is thus less apt to recur after
tenotomy. All dynamic deformities, however, must
be brought into balance by neurectomies, tendon
transfers or tendon releases; otherwise recurrence
is a certainty.

The two deformities of the foot in myelodys-
plasia which most commonly require correction
are equinovarus and equinocavovarus.-6 Opinion
on the management of these deformities varies.
Sharrard6-9 feels that splinting, manipulation and
serial plaster casting for these insensitive feet re-
sult in disaster. Hayes, Gross, and Dow,5 Tzimas'0
and Walker,1' on the other hand, believe that such
measures are useful. However, all of these authors
warn against the injudicious use of plaster on feet
in which sensation is lacking, and all resort to the
use of surgical procedures if necessary in order to
obtain correction. Sharrard and Grosfield6 have
reported the results of their management of 241
feet with various deformities; they found soft-
tissue releases and tendon transfers to be most
effective. For equinovarus deformity they advised
medial and posterior releases; their rate of suc-
cess in this group was 22 percent. Usually, the
tendo achillis, both long toe flexors, both tibial
tendons and the medial ligaments of both the ankle
and the subtalar joints will require division. An
unopposed tibialis anterior tendon should be
transferred to the Jateral side of the foot if no
tendency to calcaneus deformity is present; if it is,
the tendon should be transferred posteriorly. For
simple equinus contracture, subcutaneous tendo
Achillis tenotomy and toe flexor tenotomy will
often suffice.

Talectomy may also be of value in the manage-
ment of rigid feet in which equinovarus deformity
cannot be controlled and the potential for walking
is limited. Menelaus12 reported on his use of this
procedure in 14 feet with equinovarus deformity
due to spina bifida. He believes that best results
can be obtained if talectomy is done between the
ages of one and five years, but that triple arth-
rodesis is preferable for the older child or adult.

Planovalgus and equinovalgus feet are also
commonly seen in myelodysplasia, and convex pes
valgus (vertical talus) has been described.13 The
Grice subtalar arthrodesis is useful in the correc-
tion of planovalgus deformity. Paralytic vertical
talus is a difficult deformity to manage. Dorso-
lateral release with open reduction is indicated,

along with such tendon transfers as are necessary
to bring the musculature of the foot into balance.
The fully developed calcaneus and calcaneo-

varus deformities which the clinician occasionally
encounters are among the most difficult to correct.
In cases in which an unbalanced overpull of the
peroneus tertius, the tibialis anterior, or both,
cause an elevation of the arch, both tendons
should be transferred through the interosseous
membrane to the heel at the midline of the foot.
These tendons are usually not sufficiently strong
to act as plantar flexors or to cause equinus de-
formity, but in the event that equinus ensues, this
deformity is more easily held by a dropfoot brace,
whereas a calcaneus deformity cannot be held by
any brace. These transfers should be done when
the child is about a year old.

In order to salvage some feet, triple arthrodesis
may be necessary, but this procedure should not
be undertaken lightly. Nonunion after attempted
triple arthrodesis has occurred in nearly one-third
of cases in some series.5 It should also be borne
in mind that in the past, at least, osteomyelitis in
insensitive feet has often required amputation in
order to control the infection. Pantalar arthrodesis
should be avoided; unwanted ankle motion can be
controlled by the placement of appropriate ante-
rior and posterior stops on short leg braces. Neuro-
pathic arthropathy may occur after attempted
arthrodesis of joints, especially the ankle; further-
more, even if fusion is accomplished, there is no
virtue in a completely rigid ankle and hindfoot.

Finally, it must be stressed that nonplantigrade
feet, particularly those that have been immobilized
in plaster casts, but also those that have been sup-
ported by braces for prolonged periods of time,
are vulnerable to trophic ulceration. Casts, if they
are used at all, must be well padded and bivalved;
removable splints are preferable. Skin should be
inspected for rubor at pressure points at least
twice daily. It is better to maintain a surgically
induced correction by passive movement of the
involved joint than by the use of plaster. It is also
better to obtain a correction by passive manipula-
tion and to maintain it by plaster splints, if neces-
sary, than to attempt plaster correction of de-
formity as one might in congenital clubfoot with
normal skin sensation.

Deformities of the Knee
Although Carr4 states that the most common

knee deformity in his series was knee flexion con-
tracture, which he attributed to strong hamstrings
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and calf muscles opposed by a weak quadriceps,
it is generally agreed that hyperextension deform-
ity occurs more frequently, especially when the
third lumbar segment is functioning; the result is
a nearly normal quadriceps with weak knee flexors.
Sharrard9 advocates early elongation of the quad-
riceps to allow at least 45 degrees of knee flexion
in severe cases. Hayes and associates, on the other
hand, feel that serial plaster casting in infancy
will allow sufficient correction that a long leg brace
will permit ambulation later. They recommend
transfer of the hamstring tendons to the femoral
condyles in those instances of knee flexion de-
formity due to myelodysplasia with spasticity, as
in cord traction syndromes. Derotational oste-
otomy of the tibia is occasionally indicated.
Supracondylar femoral osteotomy for persistent
contracture in patients over the age of eight may
also be useful, and of more permanent benefit,
than simple posterior knee release for positional
flexion contracture.

Paralytic Dislocation of the Hip
The problem of paralytic dislocation of the hip

has been studied in considerable depth by Shar-
rard,14 who found that hip dislocation did not
occur if there was complete paralysis of all hip
musculature. If the first, or first and second, lum-
bar segments were functioning, moderate or severe
subluxation, in association with progressive flex-
ion-adduction deformity and coxa valga, de-
veloped in the first year of life in 58 of 70 hips.
An additional eight in this group were dislocated.

The most striking incidence of dislocation, how-
ever, occurred in the group in which the upper
three or four lumbar roots were intact, with strong
hip flexors and adductors but complete paralysis
of the extensors and abductors. In this group, dis-
location was either present at birth or developed in
the first year of life in 72 of 85 limbs, and the
remaining 13 were subluxed, in spite of normal
development of the acetabulum.

In the group in which all five lumbar segments
were functioning normally, with good hip muscu-
lature except for weak abduction and paralyzed
extension, the picture was similar to that in which
the first and second segments were functioning; a
slowly progressive flexion-adduction contracture
developed, with subluxation of 12, and disloca-
tion of 7, limbs in the group of 27 with this pat-
tern. If hip extension only was weak, no deformity
was seen at birth except for mild fixed flexion in
some infants, who did not, however, have dislo-

cated hips. No subluxation or dislocation was
seen when innervation of the limb was intact.

Sharrard's proposed remedy for this problem
was posterolateral transplantation of the iiopsoas.
In 1964 he reported14 that he had done 150 such
procedures on children between the ages of four
months and 17 years, the mean age being three
years. His initial report was quite enthusiastic,
and numerous "Sharrard procedures" have been
done subsequently.15 In a recent long-term follow-
up study,'6 however, it became evident that this
procedure probably has very limited applications.
Indeed, one prominent children's orthopedist has
recently termed it "the necrotizing iliopsoas trans-
fer." Carroll and Sharrard's recent findings were
that instability of the hip persisted in 40 percent
of cases at review five to ten years postoperatively,
and that in the absence of gluteal muscles the
transplanted muscle was unlikely to provide ab-
duction or extension against gravity (in other
words, it had poor-grade strength). They state
that the most consistent reason for late instability
was failure to obtain a concentric reduction at the
time of operation. They feel it important to re-
store muscle balance and, in addition to carrying
out indicated procedures, to correct dysplasia or
maldirection of either the acetabulum or the
femur, as well as to correct coxa valga. In this
context it should be stated that Salter17 does not
feel that his technique of innominate osteotomy is
indicated in the paralytic dislocation of myelo-
meningocele. Carroll and Sharrard's conclusion
was that with high paraplegia, neonatal disloca-
tion, and acetabular dysplasia, the 25-percent risk
of avascular necrosis did not justify more than
such soft-tissue releases as are necessary to permit
bracing. They continue to feel that, with lower
lumbar levels of paralysis and a better prognosis
for ambulation, the procedure is justified. Similar
findings have been reported by Rueda and Car-
roll'8 in 21 children with 30 iliopsoas transfers, 15
by the Sharrard and 15 by the Mustard technique.
In this series only 10 of the 30 hips operated on
remained stable at review one to eight years after
transfer, and active power of abduction was poor.
A surprising finding was that the power of hip
flexion remained strong in 22 hips in spite of
transfer of the major hip flexor.

Cruess and Turner'9 in 1970 reported their
results with the use of Mustard's iliopsoas transfer
through an anterior window cut in the ilium. Their
indications were (1) severe abductor lurch in the
presence of a strong hip flexor, (2) flexion con-
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tracture of the hip due to muscle imbalance and
(3) muscle imbalance leading to progressive
valgus of the femoral neck. It must be noted that
they list two contraindications to the procedure:
(1) absence of other active hip flexors and (2)
subluxation or dislocation of the hip. In either of
these cases the transfer should be done only as an
adjunct to some procedure that corrects the poste-
rior acetabular defect. Eight of 13 somewhat older
patients, 7 to 15 years of age, were benefited func-
tionally, according to this report, in spite of the
fact that all transferred muscles lost some force.
Essentially similar results were reported by Free-
hafer, Vessely and Mack20 in a larger series in
which they used a modification of the Mustard
technique. They stated that all but seven of 52
hips improved, but it was their impression that the
success of the transfer was more related to re-
moval of a deforming force than to the strength
of the transferred tendon. Broome and Basmajian2'
have shown that electrical activity of the trans-
ferred muscle can be lost; three of seven trans-
fers resulted in greatly reduced activity.

Hayes, Gross and Dow5 have had a similar ex-
perience in treatment of paralytic dislocation of
the hip. They concur with Sharrard that varus
osteotomy as suggested by Jones22 and the rota-
tion-adduction osteotomy advocated by Somer-
ville23 are not adequate in the face of muscu-
lar imbalance. Donaldson24 and Tzimas10 have
also advocated iliopsoas transfer and have used
it in conjunction with Salter's innominate oste-
otomy.

Hogshead and Ponseti25 have approached the
same problem in a different manner. It is their
opinion that dislocation of the hip is related to
contracture of the iliotibial band rather than to
muscle imbalance. Proceeding on this theory, they
have transferred the distal end of the iliotibial
band subfascially across the buttock and sutured
it to the lumbodorsal fascia just lateral to the spine
at the level of the third or fourth lumbar vertebra.
The proximal end is left anchored to the greater
trochanter, and an anterior hip release is done at
the same time if there is any flexion contracture of
the hip. In addition they incise the lumbodorsal
fascia if there is fixed lumbar lordosis. They had
done this in nine cases of myelomeningocele when
they reported in 1964. Their patients were be-
tween three and a half and ten and a half years of
age at the time of surgery, and they stated that
they obtained an average of 79-percent relief of
the flexion deformity. Of the 13 hips which were

dislocated or subluxed preoperatively, 11 were im-
proved and only one remained dislocated. They
have found that the procedure results in a dynamic
fasciodesis, but that few of the patients were able
to discard canes or crutches after the operation.
They claim, however, that better stance and easier
gait result. No recent follow-up on this procedure
has been forthcoming.

Others have suggested that transfer of the
adductors to the ischial tuberosity in addition to
transfer of the iliopsoas may be necessary to bring
the hip into stable muscle balance. All authors
agree that whatever is done, mobility of the hip
must be maintained at all costs, and it would
appear that dislocated mobile hips are preferable
to reduced immobile ones. It may even be that a
much more conservative approach will prove use-
ful; in a preliminary report, McKibbin26 has ex-
pressed the opinion that abduction-internal rota-
tion splinting from an early age may obviate the
need for surgery in some cases. It should always
be recalled that as adults, very few if any pa-
tients with bilateral paralysis below the second
lumbar level will be functional walkers, and that
if surgery of this magnitude is contemplated, it
should be so timed that school progress is not
interfered with. Children with one or both hips
dislocated can still ambulate well, and although
stability is highly desirable, a minimum of 90
degrees of flexion is essential.

Deformities of the Spine and Pelvis
Spinal and pelvic deformity in childhood and

adolescent paraplegia have been extensively
studied by Kilfoyle, Foley and Norton.27 In 1965
they reported their experiences with 107 children
and adolescents who had been admitted for either
congenital or acquired paraplegia. Of this group,
73 had congenital paraplegia, and of the entire
group all but 10 had significant spinal deformities.
The authors stated that with deforming forces at
work from birth, every possible deformity in the
spine and pelvis was encountered. These ranged
from kyphoscoliosis so severe that only the prone
position could be assumed to minimal excessive
lumbar lordosis. Forty-seven of the deformities
were lordosis, scoliosis or kyphosis alone, and the
remainder were combinations of the three, with
one being the major deformity.

In this series, lordosis was the predominant or

major deformity, and it occurred in 47 of the 97
patients with spinal deformity. In a total of 80
there was some lordotic deformity of greater or
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lesser degree, either alone or in association with
other deformities. The authors found that there
was a distinct correlation between the level of the
lordosis and the state of balance. In 19 patients
with lower-level lordosis and paralysis at or below
the third lumbar segment, none were completely
off-balance and only five of the group were found
to be partly balanced. All of these five had gluteus
maximus paralysis and four had either dislocation
or subluxation of the hip. In the group of patients
with spinal cord involvement from the third luin-
bar segment down to the sacrum, lordosis, hip
flexion contracture and dislocation are the pre-
ponderant deformities.

In this series there were 36 patients who had
scoliosis as a predominant deformity. Of these,
two were well balanced, 27 were partially bal-
anced, and seven were completely off-balance (un-
able to sit or stand without support). The authors
noted that in the partially balanced patients the
ability to walk was affected primarily by the
lordosis, whereas the scoliosis had a direct effect
on the ability of the patient to sit easily and use
both hands while sitting. Of the seven patients
who were completely off-balance, all but one were
so deformed and rigid that correction was impos-
sible. These authors believe that this state of affairs
is preventable. An attempt to relate the level of
paraplegia to the incidence of scoliosis showed
that there was no particular correlation and that
the frequency of this deformity was about equal
at all levels of paralysis. In nine patients the curve
could be attributed to anomalous vertebral de-
velopment with angulation. In others a chronically
assumed position appeared to be a significant
causative factor. In our opinion, pelvic obliquity
is especially to be watched as a predisposing in-
fluence. Raycroft and Curtis,28 in the series at the
Newington Children's Hospital, found that, in
those patients who had no curve at birth, more
than half of those who subsequently developed
scoliosis did so before age five, and almost all by
age ten.

Fourteen of the 97 patients in the series of
Kilfoyle and associates27 had kyphosis and, of
these, seven had congenital paraplegia. Progres-
sion of the deformity during the years of growth
is common. Paraspinal muscles which become dis-
placed anteriorly to the center of rotation of the
vertebral body at the apex of the kyphos begin to
act as spine flexors, and the superincumbent
weight of the upper trunk and head become more
effective forces as the lever arm of the cephalad

portion of the spine becomes longer with growth.
Standing balance may become seriously impaired
or lost. Severe kyphosis may result from failure of
formation of an ossification center for a vertebral
body. In this case the bodies above and below
converge in the space which should be occupied
by the anterior half of the missing body, and this
kyphosis increases with growth and becomes a
hairpin curve. If allowed to progress to this extent,
such a dorsal hemivertebra inevitably results in
off-balance kyphosis and inability to stand, even
with external support.

Rope Spine
A completely flaccid, or rope-like, spine may

be seen in some instances of high-thoracic para-
plegia. The spine collapses or telescopes when the
patient is sitting or attempting to stand, and no
external support devices are adequate. This would
appear to be a clear-cut indication for spinal
fusion.

Treatment of Spinal Deformity
The most commonly encountered problem is

the combination of hip-flexion contracture and in-
creased lumbar lordosis. Anterior hip release of
the Soutter type, with release of all contracted
structures including the iliopsoas, is indicated if
there is any compromise in balance, that is, if the
patient cannot stand momentarily in braces with-
out the support of the hands on crutches. We
favor a two-team approach to both hips at the
same time, followed by a double spica cast for
no more than three weeks to allow healing
with the hips extended, and then vigorous gait
training. During the period in the cast, the patient
should be stood upright as much as possible-a
minimum of once daily.

Treatment of scoliosis is indicated if there is
any reason to suspect that a curve will progress to
the point that sitting balance will be impaired.
There are no hard data on the method of choice
for management except that the problem of in-
sensitive skin makes the Milwaukee brace an in-
appropriate solution. Most authors have favored
Harrington rod instrumentation in recent years.
In the future, the Dwyer anterior interbody tech-
nique may prove to be the best, in experienced
hands. However, its use at the present should
be limited to those centers which are studying its
effectiveness. Fusion to the sacrum with the use
of a sacral bar appears to be indicated if there
is pelvic obliquity. Casts should not be used post-
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operatively. Fusion and infection rates do not
appear to be substantially different from those en-
countered after surgical procedures on nonpara-
lytic curves.

Treatment of kyphosis in association with spina
bifida remains an unsolved problem. Sharrard in
196829 reported good results in six newborn infants
in whom he had done closing-wedge spinal oste-
otomies for severe kyphotic deformities of the
lumbar spine in order to effect skin closure of the
neural defect without tension. In a more recent
report,30 Sharrard and Drennan state that they
have done seven more, with only one death in the
intraoperative period. In two patients, the pro-
cedure failed to achieve bony union and reopera-
tion was required. Skin problems improved in all,
but there was a tendency to slow recurrence of the
deformity, at a diminished rate of progression,
which they attribute to the perverted flexor action
of the anteriorly displaced spine extensors. James
and Lassman,3' on the other hand, have held that
gross lumbar kyphosis is a contraindication to any
early operative intervention.

Eyring and Wanken32 reported in 1972 on
spinal ostectomy for kyphosis in 15 children rang-
ing in age from one day to nine and a half years.
Their goals were ( 1 ) to eliminate total skin ulcer-
ation, (2) to permit supine lying and alignment of
legs, (3) to permit brace wearing and ambulation
and (4) to improve appearance. No patient's con-
dition was completely corrected, although all were
improved; there were no deaths and no patient lost
ambulatory ability. They stated that the average
blood loss during the first ten procedures was 120
percent of total blood volume, and conceded that
it is "a reasonably hazardous procedure." Mac-
Ewen,33 on the other hand, has said that he knows
of several deaths caused by attempted late spinal
osteotomy, and he considers it simply "hazardous."
This opinion would seem to be borne out by a re-
cent paper by Eckstein and Vora,34 in which they
report 16 cases, in patients ranging in age from
newborn to eight years, with five deaths. In spite
of the high mortality, they concluded that spinal
osteotomy is justifiable and reasonable in cases of
severe kyphosis complicated by skin problems,
inability to fit braces, reduction of abdominal area
such that urinary diversion cannot be done, and
reduction of abdominal volume to the extent that
elevation of the diaphragm with compromise of
thoracic volume are significant. Sharrard and
Drennan30 also recently reported the results of
spinal osteotomy in 18 additional older children

(average age seven years), for similar indications,
without intraoperative mortality. Union of the
osteotomic site occurred in all cases, and the aver-
age correction was 33 degrees; the average loss of
correction two years after operation was 11 de-
grees. Skin problems were said to have improved
in all but two of 14 children; two who were pre-
viously unable to sit in a wheelchair were able to
do so at follow-up.

It would appear to us that this procedure is
justifiable only in the newborn period in cases of
severe deformity, as an aid to skin closure, and in
very rare circumstances in older children.

Complications of Orthopedic Management
Failure of attempted arthrodesis is a common

occurrence in the management of patients with
myelomeningocele. Osteomyelitis as a complica-
tion of bone operations on the feet occurred in
roughly 6.6 percent of the patients in the series of
Hayes and associates.5 Kilfoyle and associates,27
on the other hand, reported no incidence of infec-
tion in 19 spinal stabilization procedures.

Impaired sensation with resulting trophic ulcer-
ation is a common complication in the manage-
ment of these patients and is commented on by
numerous observers. Carr,4 in an earlier series,
stated that the incidence over a period of some
years was 50 percent in patients who had sensory
loss. The common sites were the posterolateral
aspect of the heel, the outer side of the foot, the
dorsum of the toes, and the buttocks. In older
series, 50 percent of patients in whom such ulcers
developed on the feet ultimately had to have
amputation. Hayes, Gross and Dow,5 in reviewing
their 100 cases, found that amputation below the
knee or more distally had occurred in 13 cases.
The causes included infection (most commonly),
severe deformity, fractures, and Charcot joint. In
24 of their patients, trophic ulcers significant
enough to require operative treatment occurred.
Bluestone and Deaver35 in their experiences with
45 children reported decubitus ulcers in 19 pa-
tients. In six cases the lesions were regarded as
serious. Numerous observers stress the need for
frequent examination of the skin for pressure
areas.

Neuropathic arthropathy was found by Hayes
and associates5 in eight of 100 patients-in the
ankle joint in six cases, in the talonavicular region
in one and the knee in one. Carr4 said that he had
only one such case, with the ankle and tarsal joints
affected, in a series of 100.
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Fractures and epiphyseal separations are a
common complication, occurring with apparently
minimal trauma, in many of these children.23'36-40
Cases have been reported by Gillies and Hartung36
in which the callus was so exuberant that it was
mistaken for sarcoma on the basis of x-ray visual-
ization and biopsy. These fractures are often vir-
tually painless and the only presenting signs
are swelling and heat. In 1965, Freehafer and
Mast41 reported their experience with lower-ex-
tremity fractures in patients with spinal cord in-
jury. There were 46 fractures in 23 such patients.
Based on this experience,-the authors advocated
treatment with pillow spluits and well-padded
plaster casts. For hip fractures they advocated
positioning of the hip only, without internal fixa-
tion.

Habilitation
With regard to habilitation of these patients,

there was for many years unjustified pessimism.
This was reinforced by Jaeger's42 article in 1953,
in which he stated that in studying 68 case histories
he was able to find no survivors over the age of
10; he attributed these early deaths to urologic
complications. It has become increasingly appar-
ent, however, that with vigorous neurosurgical,
urologic and orthopedic management many of
these patients can become self-sufficient. As early
as 1959, Norton and Foley43 in a study of para-
plegia in children found that of 26 patients, 19 of
whom were over 18 years of age, 13 were self-
supporting. This group included postnatal as well
as congenital paraplegics. Independence, once it
is achieved by these young paraplegics, appears to
be permanent. Bluestone and Deaver,35 Norton
and Foley,43 and Sharrard4 have all made the
point that remarkable degrees of self-sufficiency
have been achieved by many of these children.
Sharrard contends that more than 80 percent can
lead an independent existence, although the aver-
age number of orthopedic procedures required in
the lower limb was between six and eight in his
series. The capacity of paraplegics for sustained
ambulation is limited by the high energy expendi-
ture required. Gordon and Vanderwalde,45 in a
study of this problem, found that the energy ceil-
ing is approximately five to six times the basal
metabolic rate; this value approaches the athlete's
tolerance for sustained physical activity and is
limited in the paraplegic by the decreased absolute
capacity for anaerobic work resulting from the
small muscle mass of the arms. When the lesion

is at low lumbar and sacral levels, bracing can be
minimal and the patient should be completely in-
dependent in all activities. Employment is limited
only by moderate deficiencies in the activities of
ambulation and elevation in such persons. In those
with upper lumbar level lesions, only about half
will remain functionally ambulatory, and wheel-
chair independence is a more realistic goal.'6-50

Efforts directed toward the goals of a straight
spine, straight legs and feet, mobile hips, and, if
possible, the development of a pull-to or swing-to
gait should be started as soon after birth as pos-
sible. Corrective measures for knee, foot, and
ankle deformities should not be deferred. Soft-
tissue releases may be indicated in certain children
under the age of one year. In addition, abduction
casting and splinting in an effort to avoid the com-
plication of paralytic dislocation of the hip may be
indicated during the first year of life, although this
problem remains unresolved at the present. Ten-
don transfers and neurectomies to correct imbal-
ance are indicated throughout childhood; rota-
tional osteotomy, triple arthrodesis, and spinal
fusion may be necessary in some older children.

Upper-extremity strengthening by having the
patient walk on his hands while someone holds his
legs "wheelbarrow" fashion, and chin-ups should
be begun as early as cooperation can be obtained
from the child. There are no data of significance
as to how early in life these children can be trained
in walking. We favor the assumption of the up-
right posture, either sitting or standing, between
six and twelve months of age; fitting for such
braces as are indicated; and gait training in par-
allel bars, proceeding to crutches between one and
two years of age. With quadriceps weakness, long
leg braces will be required. Results of lesions at
the third lumbar level and below, with weakness
below the knee only, can be managed with short
leg braces if deformity is avoided. Rotational in-
stability of the hip can be a problem in some
patients who have adequate quadriceps strength
to obviate the need for long leg braces. We have
had success with the use of cable twisters attached
to the shoes, along with "shoe-horn" laminated
plastic inserts for flail feet in some patients, thus
avoiding the need for double-upright long leg
braces with pelvic band and drop-lock hips. Some
loss of stability is conceded in exchange for the
much lighter and more easily donned apparatus.
Even with lesions at levels as high as the twelfth
thoracic segment, we favor such bracing as appears
necessary and gait training in early childhood,
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recognizing that many of these children will not
remain ambulatory as they get older, particularly
if they become obese, and that they may find that
their high energy expenditures and slow forward
progression militate against continued effective
ambulation. It is our feeling that bone structure
may thus benefit, and perhaps minimize, osteo-
porosis of disuse and subsequent incidence of frac-
tures. This is another area in which no definitive
data have been published.

Summary
The orthopedic and habilitative aspects of the

management of patients with spina bifida is com-
plex, involving deformities of the spine, pelvis,
hips and lower extremities, and optimal treat-
ment remains undefined in many areas. It is clear,
however, that previous pessimism regarding the
ultimate self-sufficiency of many of these patients
is not justified at present. Early and vigorous
orthopedic management can make a definite con-
tribution to the long-term welfare of these un-
fortunate children.

Addendum
In the time between the presentation of these

rounds and their publication, a number of papers
and several texts have appeared which have made
significant contributions to the orthopedic man-
agement and habilitation of myelomeningocele.
The American Academy of Orthopaedic Surgeons
has published a Symposium on Myelomeningo-
cele,5' as have several other groups.52'53 In addi-
tion Menelaus54 has written an excellent mono-
graph. Other significant contributions from the
orthopedic literature are summarized here.

Sharrard, with a large experience in England,55
has recently reviewed his criteria for surgical oper-
ation of the hip, knee, foot and spine. He remains
enthusiastic about the treatment of children with
myelomeningocele, while tempering some of his
earlier enthusiasm for immediate closure of spinal
defects in all children.

Eighteen patients from a crippled children's
hospital (cared for between 1943 and 1959) were
followed-up to evaluate functional ability at ages
17 to 31 years.56 There were 17 survivors, of
whom 12 were termed "competitive" (defined as
being independent in activities of daily living and
either self-supporting or attending school with
good prospect of becoming self-supporting). Four
were dependent but not institutionalized and one
was confined to a wheelchair in an institution at

age 26 years. Fifteen of the 18 had required surgi-
cal procedures to eliminate pressure sores; a total
of 107 orthopedic or skin-related surgical pro-
cedures had been required among the 18 patients.
There was no clear relationship between either
the level of paralysis or the intelligence quotient
and competitive ability.
The subject of paralytic vertical talus has re-

ceived increasing attention because it occurs in
children with functioning fifth lumbar level nerve
roots, a level which permits good ultimate ambu-
latory capacity. Walker and Cheong-Leen57
opened a discussion on its treatment, at the 1973
spring meeting of the British Orthopaedic Asso-
ciation, which is informative to those who must
deal with this problem. It indicates a considerable
diversity of opinion as to optimal management as
well as pathogenesis of this deformity.

Duckworth and Smith58 agree with those who
believe that imbalance between the evertors and
the invertors of the foot is the cause of this de-
formity, with the peronei acting strongly with the
ankle and toe dorsiflexors to overpull the tibialis
posterior and the intrinsic foot musculature. They
compared the results of release procedures alone
with those of combined release and transfer of the
peroneus brevis to the tibialis posterior and the
tibialis anterior to the neck of the talus, and con-
cluded that there is at present no consistently satis-
factory operation when neuromuscular imbalance
exists. Two out of three patients were improved,
however.

Kopits59 has extensively reviewed orthopedic
problems and habilitation and suggests decancel-
lation of the talus and cuboid as originally prac-
ticed by Verebelyi and Ogston for the manage-
ment of rigid paralytic clubfoot.

It has been shown by Hay and Walker60 th'at
plantar pressures in the feet of children with mye-
lomeningocele are substantially higher than in the
feet of age- and sex-matched normal controls.
They attribute this in part to the smaller size of
the feet in spina bifida, and also postulate that feet
in which a previous posterior release has been
done are in a condition which they term a "flail
deformity," wherein the hindfoot receives exces-
sive loading while the forefoot lies limply and
escapes its share of the load.

In the management of paralytic dislocation of
the hip, London and Nichols6' reported superior
results from transferring the adductor origin from
the pubic tubercle to the ischial tuberosity in com-
bination with a modified Mustard iliopsoas trans-
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fer in the third, fourth and fifth lumbar levels in
myelodysplasia. They compared the results of this
procedure to those obtained following Sharrard's
posterolateral iliopsoas transfer and came to the
conclusion that reduction of the dislocation and
a level pelvis were more easily maintained due to
improved muscle balance about the hip if the ad-
ductor origin was also transferred.
The indications for iliopsoas transfer were ques-

tioned by Carroll,62 who feels that this transfer
weakens hip flexion but is unlikely to provide ab-
ductor or extensor power and should not be done
in children with high paraplegia or lumbar
kyphosis who are unlikely to walk.

Barden, Meyer and Stelling63 followed 29 sur-
vivors of a group originally consisting of 63
severely involved myelodysplastic patients who had
been given care from 1928 to 1951 at a Shriners
hospital. All had been ambulatory while in the
hospital as children, but only two of nine with
twelfth thoracic to second lumbar level function
were still walking, whereas 19 of 20 with func-
tion at the third lumbar level had remained ambu-
latory. Of considerable interest is the observation
that the final position of the hips did not correlate
with the ultimate ambulatory status; seven of these
20 patients were ambulatory in spite of persistent
hip dislocations. About half of the entire group
had scoliosis, and a third of the survivors were
self-supporting in full-time employment.

In a small series of young patients, McKib-
bin64 has been able to use a specially designed
abduction splint effectively to maintain reduction
of paralytic dislocation of the hip. He suggests
that this may be a useful adjunct to treatment in
the first year of life in those patients with pre-
served flexor and adductor groups (second and
third lumbar levels) until the prognosis for the in-
dividual has been assessed.

Sriram, Bobechko and Hall65 reviewed data
on 33 patients who had been treated for spinal
deformities by operation and who had been re-
evaluated from a year to 11 years later. Twenty-
nine had had posterior spinal fusion, and 26 of
these had had Harrington instrumentation as well.
Infections and pseudarthroses were common as
well as difficult complications to manage, and good
results were obtained in only half the patients.
They advocate two-stage fusion if the skin is badly
scarred or if a residual sac requires excision. This
article underscores one of several remaining prob-
lem areas in the management of myelomeningo-
cele.

Menelaus6" has joined those who advocate
osteotomy-resection of kyphosis at the time of
posterior closure, which is facilitated by the exci-
sion of protruding bone. He states this can be
done up to the age of four years, and further states
that fusion was obtained in all cases treated in this
way.
An improved shortleg brace, made of plasta-

zote-lined polypropylene, for children with third
to fifth lumbar level paraplegia has been success-
fully used by Lindseth and Glancy67 in 47 patients.
The authors believe that this device brought about
considerable improvement in the gaits of nearly
all the children and they further state that it rep-
resents a major advancement in bracing at this
neurological level. Carroll68 has recently reviewed
current concepts in bracing and the use of carts
and standing devices.
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MYELOMENINGOCELE-PART II

Ophthalmologic Problems
ERNEST K. GOODNER, MD, San Francisco

DEVELOPMENTAL abnormalities of the eye may
occur in association with defects in the formation
of the midline portions of the cranium and spinal
column. These ocular anomalies are severe, rare
and generally not susceptible to treatment or re-

pair. Fortunately, the majority of children with
spina bifida and related conditions have normal
eyes and visual development.

The ocular abnormalities that occur in associa-
tion with malformations of the cranium and verte-
bral column are produced generally in one of two
ways: (1) Defects in ocular function may result
from the direct effect of maldevelopment in the
cranium or vertebrae on underlying neural com-

ponents of the extraocular visual system (for ex-
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